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Report  No. 

Title 

1st  Fart  A'iEE/861/3 
2nd  - do  - ■ 

WN.A67  “ Appraisal  of  pilots'  cockpit. 
111.467  - Partial  encineerinc  assessment. 

Suri...ai:/ 

The  Conterra  T.  ..1:.4  '.m  vory  3i.iil'X  to  the  B.  Ilk. 2 aircraft  except  for 
the  chan^^os  eiitailel  in  pre'/idij*.:  silo-by-side  seatiny  for  a pupil-pilot  and  an 
instructor.  The  ..•'in  ccnc-;q,uontx''l  liffercnces  v/crc  a slight  chance  in’sliape 
of  the  fusolayo  nose  and  in  aileron  .:oarin'. 

The  ban''lin£:  ch''-racteri%tic3  ”cre  vorj  sLuilar  to  those  of  the  B.  Hlc.2 
aircraft  and  there  '.‘.’as  no  noticeable  difference  in  aileron  control  forces. 

The  T.  IIlc.A  aircraft  should  therefore  be  satisfactory,  frooi  these  aspects,  for 
its  intended  use  for  pilot  fa.iiliarisaticn  duties. 

Griticishis  of  the  cocl<pit  layout  and  encineeriny  features  have  been  yiven 
in  the  1st  and  2nd  parts  of  tl-d.s  Report. 


This  report  is  issued  vdth  the  authority  of 


Air  Gccimodore, 
Gaiinandinc  A.&  A.E.E. 
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1 . Introduction 


The  Oanberi'a  T,  IOc.4  aircraft  differed  from  the  B.  Mk.2  aircraft  in 
havinc  a modified  cockpit  layout  and  a sli.'htly  modified  nose  shape.  An  assess- 
ment of  the  cockpit  layout  has  already  heun  '■.iven  in  the  1st  part  of  this  Report, 

The  rearran  ’uicnt  of  the  pilots ' coclq>it  to  peri;dt  side-by-side  seating  for 
the  pupil  and  instructor  necessitated  a slight  modification  of  the  effective 
control  wheel  diojaetor.  2 liidif ications  v/ere  also  made  to  the  aileron  control 
linkages  such  tha.t  it  wouLd  be  expected  that  the  aileron  control  vrauld  be 
heavier  than  on  the  B.  Uc  2 aircraft.  The  elevator  and  the  rudder  gearings 
remained  unchanged. 

During  the  brief  handlint;  assessment  reported  herein,  particular  note  -/as 
taken  as  to  the  effect  of  the  modifications  to  the  aileron  gearing  on  control 
characteristics  and  as  to  whether  the  rca'isei  coclq)it  layout  imposed  any  limita- 
tions on  the  control  movements  under  any  condition  of  flight. 

2 . Condition  of  aircraft  relevant  to  tests 


2.1  General . The  aircraft  v/as  as  described  in  tlie  1st  part  of  this 
Report  in  which  v/as  also  recorded  the  values  of  the  control  circuit  friction. 

2.2  Loading.  The  loadings  for  these  tests  were:- 
(a)  v/ithout  v/ing-tip  tanks. 


Weight 

lb. 

Centre  of  r,ravity  -position 

Inches  aft  of  datun 

U/c  doi'.-n 

U/c  up 

u/c  clo\'m 

U/o  up 

50,690 

34. 6 

34.2 

29.0 

28.8 

(b)  with  v/in  --tip  tanks. 


Y2ei'-ht 

lb. 

Centre  of  "ra\»lty  position 

Inches  aft  of  datum 

J^rcentane  of  3,11,0. 

U/c  do'\m 

mmm 

U/c  up 

36,980 

51.7 

31.2 

27.4 

27.1 

The  C,G.  during  each  flight  v/as  maintained  sensibly  constant  at  the  take- 
off position  by  suitable  use  of  the  fuel.  The  maximum  peimissible  take-off 
v/eights  were:-  normal,  33,050  lb.  ov.^rload  37,350  lb.  The  raaxijnum  permissible 
landing"  v/eight  v/as  27,500  lb.  The  design  C.G.  range,  v/ith  undercarriage  dovi-n, 
v/as  fran  20.22  ins.  to  34.63  ins.  aft  of  datujn,  that  is,  0,21  to  0.29  S.II.C. 

2.3  Airframe  limitations.  The  limiting  airspeeds  at  relevant  heights 

were:- 


Height  (feet) 

'.'ithout  wi.nr.“tip  tanl:s 

0-5,000 

5,000  - 15,000 

15.000  - 25,000 

25.000  - 35,000 

35.000  up/.ards 

450  loiots  I.A.S, 
.75  I.M.N. 

.79  " 

.84  " 

.83  " 

/.'fith, 
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Vfith  winc-tip  tniilTS  tho  limiting:  airspeed  vsis  365  knots  I.A.S.  or  0.8 
I.M.N,  The  maximuni  nomal  accelerations  pennitted  for  test  flyinj''  (0,9  n-j) 
were:- 


(a)  without  Ydn.’-tip  tanlcs  4.5  Vj' 

(h)  vri.th  Y/iny- tip  tanks  2.7  '£< 

2.4  Engine  limitations.  'The  lir.iitations  in  force  for  Avon  1 engines  at 
the  time  of  test  vrcre:- 


Engine  Setting 

R.P.II. 

Time  limit 
(minutes) 

Jet  pipe 
temperature  °C 

Maximum  for  take-off 

7,800 

15 

600 

Kaximun  intermediate 

7,600 

30 

565 

Maximua  continuous 

7,400 

530 

3.  Scope  of  tests 

Qualitative  tests  were  made  to  assess  the  handling  characteristics  Yvith 
and  without  v.dng-tip  tanks,  at  the  relevant  aft  C.G. , trith  special  emphasis  on 
the  lateral  Lehaviour, 

Except  during  simulated  engine  failvire  on  take-off  and  in  the  air  at 

8,000  ft.  a.11  of  the  tests  were  male  using  symmetric  power. 

4.  Results  of  tests 


4.1  General.  In  general  flying  and  manoeuvring,  the  oontrol  oharaoter- 
istios  rfere  not  noticeably  different  from  the  B,  lik.2  aircraft.  In  particular 
the  aileron  control  Yvas  neb  noticeably  heavier. 

'The  seating  and  control  positions  v/ere  not  cramped  and  full  movement  of 
the  controls  could  easily  be  obtained. 

Ml  forces  quoted  vfere  estimated  by  the  pilot. 

The  available  triiiimer  ranges  vfere:~ 


Trimmer 

Divisions  I 

Prom 

To 

Rudder 

Aileron 

Tailplane 

4L 

5L 

2 N.U. 

4R 

5R 

2 N.D. 

4.2  Handling  v/ithout  v/in;:-tip  tanlcs 

4.2.1  Simulated  engine  failure  after  take-off  (loading  (a)).  A 
take-off  was  made  v;ith  the  flaps  up  and  the  following  trimmer  settings,  rudder 
neutral,  aileron  3 divs  left  and  tailplane  1 div.  nose  down.  The  aircraft  y/o.s 
airborne  at  95  loiots  I.A.S.  and  speed  built  up  quiclcly  v/hilst  the  undercarriage 
was  retracted.  Engine  failure  was  simulated,  by  fully  throttling  the  port 
engine,  when  the  speed  had  risen  to  I40  knots  I.A.S.  No  corrective  action  vas 
taken  until  tvro  seconds  had  elapsed,  during  this  time  the  aircraft  yaw’ed  some 
20°  to  port  and  rolled  slightly  in  the  same  direction.  Both  deviations  v/ere 
easily  corrected  by  small  displacements  of  ailerons  and  rudder  involving  only- 
light  forces.  There  v;as  no  noticeable  loss  of  height  follCT,’ri.ng  the  simulate! 
engine  failure. 

Thci*e  v/as  no  chan,-,c  in  the  beha-viour  of  the  aircraft  v/hen  the  test  vro.s 
repeated  by  fully  throttling  the  starboard  engine  except  that  the  deviations 

/in 
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in  headini"  and  lateral  level  v/ere  to  atarloard. 

1|,.2.2  Sinulatoi  enr'ine  failure  in  level  fli,-^ht  (aircraft  v/eir;ht 
30.500  lb») . The  aii’cr'i.ft  i.’ae  trii.Hiiod  in  level  cruisin,':  flight  at  8,000  ft. 
with  the  engines  3et  ’’t  the  rnaximuja  continueus  ntir<:  (7,^|f)0  r.p.m. ).  The 
airspeed  ’,ms  2(i|.0  lets,  I.A.S.  and  the  tria.iwi'  oettinj'is  v/ere,  rudder  neutral, 
aileron  2 divs.  left,  and  tailnlano  1 div.  nose  down. 

Leavi.ng  the  rudder  free,  first  the  port  engine  v/as  fully  throttled  and 
then  the  test  was  rvnx-ated  except  that  the  starboard  engine  v/as  fully  throttled 
instead  of  the  port  cn^vine.  In  both  cases,  no  corrective  action  v/as  taken 
until  four  seconds  iiad  elapsed;  during  this  time  the  aircraft  yav/ed  and  rolled 
gently  some  20'"^  towai'is  the  'dead'  engine.  An  aileron  force  of  30  lb.  and  a 
slight  aileron  deflection  ;/as  x-cquired  to  raise  the  relevant  v/ing.  There  v/as 
no  noticeable  D.oss  of  height  and  no  rudder  locking. 

4.2,3  Stalls . All  stalls  were  approached  by  reducing  speed,  at 
not  more  than  1 knot  a second,  fran  a straight  glide  at  a trimmed  speed  between 
1.3  and  1,4  times  the  appropriate  stalling  speed. 

(a)  Flaps  and  undercarriage  up,  en/vines  idling,  aircraft  weight  30.300  lb. 

The  aircraft  v/as  trimmed  to  glide  at  10,000  ft.  and  120  kts.  I.A.S. , 
the  tailplane  settin/,  was  neutral. 

The  pull  force  required  v/as  still  light  at  100  kts,  I.A.S,  when  very 
slight  buffeting  started.  The  buffeting  increased  steadily  to  mild  buffeting 
at  tho  stall.  The  aircraft  stalled  at  88  kts.  I.A.S,,  the  starboard  v/ing 
dropping  throuvh  some  20  - 30°.  At  tho  stall,  the  pull  force  v/as  light  and 
the  control  colvmn  central. 

I'lcrvral  recovery  action  v/as  taken  and  the  height  lost  v/as  about  200  ft, 

(b)  Flaps  and  unlcroarriage  dj-.vn,  cnines  idling,  aircraft  wei/",ht 
30,100  lb.  The  aircraft  -..as  triu- id  to  glide  at  10,000  ft.  and  I05  lets.  I.A.S., 
tho  tailplane  cctti.r. ; was  full  nose  do.wi  (2  divs.). 

A light  pull  force  v/as  required  to  reduce  speed  fron  the  trimmed  condition 
but,  by  86  ktst  I.A.S.  when  very  light  buffeting  v/as  noticed,  a push  force  of 
about  10  lb,  was  required  to  avoid  self  stalling.  The  buffeting  steadily 
increased  to  mild  as  the  speed  v/as  decreased  to  the  stall.  The  control  column 
v/as  central  and  the  push  force  light  when  the  stall  occurred  at  76  kts.  I.A.S. 

At  the  stall,  a rnolorate  port  aileron  snatch  occurred  acccviipanied  by  a slight 
wing  drop. 

Normal  recovery  action  v/as  effective  and  the  height  loss  v/as  about  200  ft. 

(c)  Flaps  and  undercarriage  dov/ru  approach  pewer  (5.000  r.p.m.)  aircraft 
weight  30.520  lb.  The  aircraft  was  trimmed  at  10,000  ft.  at  100  kts.  I.A.S., 
the  tailplane  setting  was  full  nose  do.vn  (2  divs.). 

The  pull  force  necessary  to  start  reducing  speed  v/as  light.  At  81  kts, 
I.A.S.,  very  slight  buffeting  occurred  this  persisted  but  did  not  increase  ii. 
magnitude  as  speed  was  reduced  to  the  stall.  At  7V  kts.  I.A.S,,  the  port  v/ing 
dropped  20  - 30°;  the  control  column  was  central  and  a push  force  of  up  to 
10  lb.  v/as  required. 

Normal  recovery  action  was  effective  and  the  height  lost  v/as  about  200 
ft. 


4.2.4  Behaviour  at  high  Mach  nmber  (aircraft  weight  30,000  lb.) 
Usin;:  riinximum  intermediate  paver  (7,600  r.p.m.),  a series  of  high  speed  runs 
were  made  in  shallow  dives  at  altitudes  between  38,000  and  42,000  ft. 


/V/ith, 
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’.Vith  trina.ier  sottinco  of:  rudder  neutral,  aileron  4 dive. left  and  tail- 

plane  1 div,  nose  da.vn,  the  control  forcoa  v/ere  light  at  0.76  M (0.78  I.M.N. ) 
but  slight  buffeting  and  an  irreg.ular  rolling  motion  ^rere  encountered.  ’/7ith 
the  ruddei'  fixed,  a very  light  aileron  force  ^vas  required  to  apply  10*^  baidc  in 
either  direction.  Vt'ith  ailerons  fixed,  a moderate  foot  force,  in  either 
direction,  produced  a sideslip  of  3°. 

The  ailerons  and  rudder  wore  fully  effective  and  accurate  turns,  up  to 
60°  bank,  were  made  at  speeds  up  to  0.78  M (0.8  I.M.N.). 

Any  furtlior  increase  in  Kach  number  caused  prog-ressively  stronger 
buffeting.  At  0.7?  ii  (0.81  I.H.N.),  there  v/as  a slight  port  v/ing  drop  but  at 
0.81  M (0.83  I.M.N.)j  265  kts.  I.A.S.,  the  starboard  v/ing  dropped  slightly 
and  a force  of  about  40  lb.  v/as  necessary  to  raise  the  v/ing. 

4.2.5  Lateral  stability  and  control.  The  lateral  stability  and 
control  of  the  aircraft  v/as  investigated,  both  at  10,000  ft.  and  at  40,000  ft. 
v/ith  the  aircraft  triii-ned  in  each  of  the  folla//ing  conditions 

(i)  Level  flight,  eng.ines  at  jnaximum  intennediate  rating, 

(engine  r.p.m.  7,600). 

(ii)  Level  flight,  at  low  speed,  (engine  r.p.m.  5,000). 

(iii)  Climb,  engines  at  raaxdmur.i  continuous  rating,  (engine 

r.p.m.  7,400). 

(iv)  Glide,  flaps  and  undercarriage  down,  at  the  approach  speed, 

(102  kts.  I.A.S.),  engines  idling. 

(a)  Oscillatory  stability.  The  aircraft  was  put  into  a straight  side- 
slip of  5 degrees  and  the  rudder  iud  ailerm  controls  were  t.hen  freed,  tliis  v/as 
always  folla;ed  by  gentle  rolli.._‘  .and  ^"awang  oscialitions  which  damped  out  in 

2 to  3 cycles. 

(b)  Beha'/iour  in  straight  sidoslin.  'Jith  the  aircraft  trimmed  for 
straight  steady  flight,  the  bctovi<.nr  in  straight  sideslip  v/as  investigated 
at  speeds  fren  the  approach  speed,  with  flaps  and  undercarriage  down,  to  the 
level  speed  appropriate  to  maxir..um  intomediate  rating,  with  the  flaps  and 
undercarriage  up. 

The  aileron  and  rudder  control  forces  required  increased  progressively  as 
the  angle  of  sideslip  v/as  increased.  For  all  angles  of  sideslip  up  to  5°,  to 
both  port  and  starboard,  the  rudder  force  required  was  heavy  at  liigh  airspeeds 
but  was  light  at  lov/  airspeeds. 

(c)  Turns  cn  one  control.  Turns  were  made,  using  one  control,  over  a 
speed  range  frcni  102  to  450  kts.  I.A.S.  at  10,000  ft,  and  frcr.v  200  kts,  I.A.S. 
to  0.78  M.  (0.8  I.M.N.)  at  40,000  ft. 

(i)  Using,  aileron  only.  Vith  the  rudder  either  fixed  or  free, 
accurate  turns  could  be  made,  in  either  direction,  up  to  about  60  - 70°  bank; 
the  aileron  forces  were  light  and  the  deflections  small. 

(ii)  Using  rudder  only.  A small  amount  of  sideslip  on  entering 
tioms  and  on  returning  to  level  was  unavoidable  v/hen  turning  on  rudder  only, 
with  ailerons  fixed.  V/hen  turning  at  high  airspeeds  the  rudder  forces  were 
moderate  (about  60  - 70  lb.),  but  as  the  speed  was  reduced  the  rudder  forces 
became  lighter  until  at  102  kts.  I.A.S., in  the  glide,  they  v/ere  light. 

(d)  Bate  of  Roll.  An  assessment  of  the  rates  of  roll  was  made  over 

a speed  rang.e  iTan  110  to  4OO  kts.  I.A.S.  at  10,000  ft.  by  the  pilot  timing  the 
roll  tlTTougk  90°  either  side  of  the  plane  of  syriwietry.  7u:£;les  of  bank  v/ere 
observed  frea  the  gyro  horizon. 


/The 
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The  rate  of  ron.  for  an  aircraft  of  this  typo,  ,,hor  uninr  a sin&Le  handed 
aileron  control  force  of  a'uout  30  lb.  'a.s  ^ood.  Thei'c  \/as  a elii:ht  nose  dam 
tendency  at  all  spools  except  ^0  kts.  I.A.S.  v/hcro  none  occurred.  Deflections 
of  the  ailerons  ',.'cre  inoderi’to  and  no  appreciable  ijaprovenent  v/as  achieved  rdth 
the  use  of  rudder  to  aufjeent  the  rollin':  pa..er.  The  rates  of  roll  measured 
•,verc:- 


I.A.S.  (kts.) 

Rate  of  roll  (degrees  per  second) 

110 

18 

300 

30 

400 

10 

(c)  Gltan  ;os  of  trim  "dth  speed  and  yg/er.  The  aircraft  n-as  triraaed  to 
cldab  at  330  l<ts.  I.A.S.  usinj;;  ~l,600  r.p.n.  During  the  dive  a push  force  of 
some  30  lb.  ,7as  required  to  increase  the  speed  to  Af>0  kts.  I.A.S.;  there  vws 
little  change  of  lateral  trim. 

T'ith  the  engines  operating  at  the  maximum  intermediate  rating,  in  level 
flight  at  10,000  ft.,  the  aircraft  \Tas  triiiuned  at  a steady  speed  of  450  kts. 
I.a.S.  The  throttles  were  then  closed  rapidly  until  the  engines  were  idling, 
this  resulted  in  a nose  dam  change  of  trim  requiring  a pull  of  35  lb.  on  the 
control  column;  there  v/as  little  change  of  lateral  trm. 

b'ith  the  aircraft  tri-nmed  at  0.78  11.  (0.8  I.h.N. ) this  te.3t  was  also  Wiade 
at  40,000  ft.  There  was  a nose  do;m  change  of  trim  requiring  a pull  of  15  lb. 
on  the  control  cola-'m;  there  vra.s  little  change  of  lateral  trim. 

4.3  Handling  -..-ith  win:-tip  tanlcs  fitted.  The  handling  qualities  of  the 
aircraft  rdth  -iTing-tip  tanks  -were  sisdl-.r  to  those  vdiheut.  wing-tip  tanks, 
particular  differences  are  ha/ever  detailed  bcla;:- 

(a)  The  ailcrc.  fv.rco  r.ecessuiy  to  raise  a •..•irv,:  after -a  sii.rulated  engine 
failure  in  level  flight  -was  about  10  lb.  heavier  thnn  whc.i  tested  -.dthout  '.Tini- 
tip  tanks  sec  para.  4.2.2. 

(b)  The  buffet  experienced  approaching  the  stall  was  very  light  and  did 
not  increase  even  vdth  engines  idling;  as  spie^-d  was  reduced,  \7ith  flaps  and 
undercarriage  cither  up  ur  dam  and  engines  idling,  the  airex'aft  stalled  at 

an  indicated  airspeed  higher  by  about  4 knots  than  vdth  tip  tanlcs  off,  for  the 
same  aircraft  weight,  KavcYor,  under  approach  pa/ur  conditions,  the  stall 
occurred  at  only  about  1 Icnot  liigher  indicated  airspeed. 

(c)  Trimmed  at  a ILach  number  of  0.76  d.  (0,78  I.ii.N.);  increase  of  speed 
to  0.79  H.  (O.ol  I.li.N.)  caused  a noticeable  nose  down  change  of  trira  which 
required  a li'ixt  pull  force  to  hold.  There  was  also  a tendency  to  light 
irregular  starboard  wing  snatching.  Both  effects  were  noticoalsle  during  turns 
vdth  up  to  about  60°  banlc  in  either  direction. 

5.  Discussion  of  results 

5.1  General.  The  tests  were  of  lii.iited  scope  but  ‘,,'cre  sufficient  to 
sha.v  that  the  handling  characteristics  •.;ere  veiy  similar  to  those  of  the 
Canberra  B.  Ilk. 2 aircraft.  Althoi..._h  it  would  be  oaqxicted  that  the  aileron 
control  would  bo  a little  heavier  than  on  B.  Mk.2  aircraft,  there  was,  in  fact, 
no  noticeable  difference. 

It  should  ho  noted  that  criticisms  of  the  B.  Iik.2  aircraft  (c.^^.  speed  -f 
operation  of  tail  triirmor,  ineffectiveness  of  air  brakes)  apply  equally  to  tliis 
aircraft  and  ary  modifications  introduced  in  the  for  lOi’  should  also  be  incorpor- 
ated in  the  latter  aircraft. 


/5.2 


- 7 - 


5.2  Qg-g-parison  with  A, P.970  rcquiruaentn.  Since  these  trials  v.'oro  almost 
wiLirely  cjualitativo,  little  co...pariuon  vrith  A.P.97O  Y/as  possible. 

6.  Ounolgsioas 

The  hanilinr  oharacturisiics  of  this  Canberra  T.  aircraft  v/cre  very 

similar  to  those  of  the  B.  a’c.2  aircraft  ani  the  tyiDo  should  thoreforo  be 
satisfactory,  from  this  asjject,  for  it 'a  intended  role  of  pilot  familiarisation. 
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